Introduction
Science historians will identify the turn of this century as a time when most scientists became intrigued by the ingenuity and complexity of biology. In our time, some scientists have the ambition to understand biology from the molecular to the systems level, while others hope to mimic, control, or modify biological systems to develop things that are useful to society. In this same period, the field of materials and its close ally, nanoscience, occupy a center-stage position that is no longer just the traditional domain of materials science, but one that has expanded to chemistry, physics, and all areas of engineering. This makes the field of biomaterials one of the most exciting scientific challenges today.
Arthur von Hippel, whose life is celebrated in this issue of MRS Bulletin, was a pioneer who decades ago had the vision to advocate all of these key scientific transformations. The Laboratory for Insulation Research, which he founded at the Massachusetts Institute of Technology in 1937, planted the seeds of molecular engineering of materials, a strategy that makes synthetic chemistry today an important dimension of materials science. Biology is, of course, the ultimate expression of molecular engineering, and von Hippel extended his vision by raising questions on how nature proceeds with molecular design to create living systems. In the later stages of his career, his interests in living matter were wisely expressed through research on the structure and properties of water, which he saw as critical to our understanding of biological structures. As a testimony of von Hippel's vision, his last publication was titled From Atoms toward Living Systems, published in 1979. 1 Honoring von Hippel's foresight, we gaze in this article at the many faces of the expanding and highly inspiring field of biomaterials.
The Genesis of Biomaterials
The scope of biomaterials has traditionally consisted of using materials in medicine and dentistry with the purpose of restoring the structure and/or function of tissues and organs. In fact, this use of materials can be traced back to prehistoric times, with evidence of sutures dating back more than 30,000 years. 2 More than 2000 years ago, gold was used by the Greeks (described in early Greek literature by Galen of Pergamon) as wires for ligatures, and by the Romans, Chinese, and Aztecs in dentistry. 2, 3 More recently, in 1816 Philip Physick from the University of Pennsylvania used lead wire sutures, while in 1849 J. Marion Sims used, more successfully, silver wires developed by a jeweler. 2 In 1829, H.S. Levert performed a significant study describing the in vivo biocompatibility of gold, silver, lead, and platinum. 2 In 1860, relatively good success was achieved with the invention of contact lenses made from glass, giving form to a concept that was originally proposed by Leonardo da Vinci in the 16th century. 2 During the 20th century, accessibility to more sophisticated materials like stainless steel, cobalt chromium alloys, and the development of synthetic polymers resulted in revolutionary advances.
2,4-6 Among the highlights one can mention is the development of the first dialysis machine using cellulose membranes in 1943 by Kolff, the first intraocular lenses made from poly(methyl methacrylate) (PMMA) in 1949 after Ridley's observation that the eyes of aviators containing pieces of plastic from shattered cockpits of fighter planes had healed with little reaction, 2, 7 and the first successful vascular grafts made from parachute fabric in 1952. 2 Other major landmarks were the first successful hip joint replacement using an acetabular cup made from high-molecular-weight polyethylene;
2,5 the introduction of bone cement made from PMMA; 2 the first commercially available hydrogel-based contact lenses (made from hydroxyethylmethacrylate); 2 and artificial heart valves made from materials such as silicone rubber, nylon fabric, PMMA, and polycarbonate in the 1960s. 2, 8 By the early 1980s, more than 40 apparently biocompatible materials had been identified and used in implantable devices such as pacemakers and artificial blood vessels, including silicone elastomers, polyurethanes, poly(tetrafluoroethylene), hydrogels, poly(ethylene glycol), poly(lactic-co-glycolic acid), hydroxyapatite, titanium, and bioglass. 2 The scope of the field is no longer about taking materials from technology at large and using them in medicine to make humans more functional; instead, the field has now moved forward to the use of tailored materials that elicit a specific biological response. This direction is creating a platform in which materials will be used to mediate the regeneration of tissues and organs for regenerative medicine. 9 The concept could be described as an effort to use materials to repair human biology. This expanding scope does not end there, since all of our new biological know-how, complemented with the ability to control the micro-, nano-, and molecular-scale structure of matter, would allow us to build configurations that mimic those found in biology, as well as to use sophisticated materials to learn biology, to obtain biological information, and to control bio-logical processes. Moreover, it is also now possible to consider the use of biology to make abiotic materials. One example would be the use of bacteria to synthesize artificial proteins designed to have specific physical properties using unnatural amino acids; another would be the use of cells to synthesize semiconducting nanocrystals. This adds up to many exciting possibilities that certainly resonate with the von Hippel spirit. This article is not meant to be an exhaustive review of efforts in all of these expanding areas; it is only a brief account of what is happening today in this very exciting field, recognized early on by von Hippel. Our view of the expanding field of biomaterials is summarized in Figure 1 , showing examples of the important interface between materials and biology.
Materials to Repair Human Biology
The biomaterials described in the previous section are still in widespread clinical use. They are inert materials used to create permanent implants to restore structure and/or function of tissues lost to trauma or disease. However, in recent years, two new trends have emerged that could transform the role of materials to repair 13 There are also expanding efforts to create materials that imitate biological ones, such as synthetic recreation of (e) superhydrophobic surfaces found on the leaves of water lilies, [14] [15] [16] (f) adhesive surfaces of gecko feet, 17, 18 and (g) top-down manufacturing of optical microlenses that imitate those in the brittlestar. 19 In other efforts, nanomaterials are used to obtain biological information using, for example, (h) quantum dots [20] [21] [22] and (i) metallic nanoparticles 23 
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human biology. The first trend has been to consider designing bioactive, as opposed to inert, biomaterials that elicit a specific biological response in order to create better interfaces with natural tissues. This connects to von Hippel's idea of molecular engineering of materials to achieve specific functions.
The best example is the modification of metal surfaces with materials such as hydroxyapatite [Ca 10 (PO 4 ) 6 (OH) 2 ] in orthopedic implants in order to promote bone bonding to the implant surface, or bone ingrowth into porous metal surfaces, thus producing stronger implant-tissue interfaces. In our own laboratory, we have developed techniques to grow osteoconductive coatings on titanium known as organoapatites. These new materials are hybrids of calcium phosphate mineral phases and poly(amino acids) that have been shown to significantly enhance bone cell migration and proliferation within the pores of the metal. 13, 30, 31 Using finite element models, it is predicted that bony infiltration would generate a more stable interface that avoids stress concentration. 134 Another recent trend has been to use materials merely as biodegradable scaffolds that can harbor the right cells in order to regenerate tissue. This approach falls within the umbrella of tissue engineering 32 and advocates the regeneration of tissue either in vitro in bioreactors with subsequent transplantation or in vivo by placing cell-seeded biodegradable scaffolds in the right location of the body. Scaffolds were originally based on natural polymers such as collagen, but it is now more common to use biodegradable synthetic polymers because of immunological concerns and the ability to tailor the mechanical properties, pore sizes, and degradation rate of the scaffolds. This particular approach to repairing tissues and organs has only been used to a very limited extent in humans; most of the systems are currently being studied in animal models. One challenge in this approach to human repair is to develop strategies to promote the rapid growth of blood vessels (angiogenesis) within the scaffold in order to feed the large numbers of cells required to grow a macroscopic segment of tissue. A second challenge is to learn how best to incorporate necessary growth factors (proteins) to achieve tissue regeneration in the volume defined by the scaffold. For example, a method for dual growth-factor delivery was reported by Richardson et al., as illustrated in Figure 2a . 33 Other directions that may become important for tissue engineering will be based on current capabilities to control surface chemistry and topography in three-dimensional (3D) structures. The implementation of precise surface chemistries and topographies within 3D structures could significantly enhance the in vivo performance of scaffolds. Techniques have been developed recently to create 3D structures with precise microscale architectures that can be specifically designed to direct the growth and organization of cells and tissues. 11, 12, [34] [35] [36] For example, Shin et al. have combined microfabrication with computational analysis to engineer a network of microscopic channels that resembles vascular geometry. 12 Similar techniques were used by Folch et al. to fabricate 3D structures with precise microarchitecture for potential use as scaffolds in tissue engineering. 37 An even higher degree of cell and tissue manipulation may be achieved by combining both a precise microscale architecture with surface topographies that not only guide cell and tissue growth, but also can selectively stimulate their behavior. Mata et al. have used an innovative fabrication process to develop 3D polymeric structures with well-defined micro-architectures in which surfaces have precise textures that enhance mesenchymal stem cell growth and proliferation ( Figure 2b) . 34, 35, 38 Mesenchymal stem cells are those that develop into connective tissues, blood vessels, and lymphatic tissue, and upon differentiation can give rise to bone, muscle, cartilage, and fat cells.
There are other interesting recent ideas for the use of materials to repair biology that are not related to the use of scaffolds for tissue engineering. A minimally invasive implantation strategy is always highly desirable from a clinical point of view, and an interesting approach has been suggested using shape-memory polymers (Figure 2d ). These materials consist of two components, each with a different phase transition temperature. They are able to memorize a permanent shape but temporarily adopt a substantially different initial shape. The phase with the higher transition temperature (near body temperature) is responsible for the permanent shape, whereas the other phase determines the initial shape. Using this strategy, polymeric sutures that tie themselves have been generated. 39 Other applications envisioned are materials that will acquire the shape of a stent.
Another interesting emerging concept is the use of cell sheets for tissue regeneration 40 that are produced in vitro using a thermoresponsive polymer covalently grafted to a culture dish. Reducing the temperature to room temperature leads to swelling and hydration of the polymer matrix, which in turn result in detachment of the cell sheet from the matrix. This approach is particularly promising for growing tissues in which cell monolayers are important, for example, in regeneration of the cornea. This method has in fact been shown to be effective in human trials. 41 It is believed that the approach may be useful also in the regeneration of heart muscle. Layering four sheets of cardiomyocytes resulted in a synchronously beating tissue that was maintained for one year when implanted in the backs of immunodeficient rats. 42 Here, synthetic materials play an indirect role in the context of regeneration, serving as a substrate that releases cell layers as a result of thermoresponsive properties.
The next stage in materials to repair human biology has to involve structures that are sophisticated enough to recruit and activate cells in their surroundings to jump-start regenerative processes. Ideally, they would be introduced noninvasively, possibly as liquids that selfassemble into elastic or viscoelastic solids in the environment of living tissues. These biomaterials would be molecularly designed as artificial extracellular matrices for regenerative medicine. The cell-seeded forms of these materials, in analogy to tissue engineering scaffolds, will most likely be the matrices that will carry stem cells to specific targets for tissue and organ regeneration. A sophisticated bioactivity crafted through molecular and supramolecular structure would guide stem cells into the right proliferation and differentiation pathways to achieve regeneration of body parts.
Our laboratory has begun work to design such biomaterials, 43, 44 and the first efforts have used molecules termed peptide amphiphiles (PAs) that upon contact with physiological fluids self-assemble into cylindrical nanofibers with well-defined diameters, creating 3D networks and thus inducing a liquid-to-gel transformation. 9,44 -46 The highly hydrated gels (Figures 1a and 2c ) provide signals to cells that direct the differentiation of neural progenitor cells into neurons and at the same time discourage the production of astrocytes. 45, 47 Astrocytes are the brain's glial cells (cells that protect and support neurons). They have many useful functions, but after spinal cord injury, they form scar tissue that impedes the regeneration of sensory and motor axons. This type of bioactivity is therefore likely to be critical in the regeneration of the spinal cord so that paralysis of humans after trauma can be prevented or reversed. Other systems have been designed to promote the formation of blood vessels in vivo 48 and the regeneration of bone. 44 The design of these bioactive biomaterials utilizes supramolecular chemistry, the chemistry of noncovalent interactions among molecules pioneered by Lehn, Pedersen, and Cram. 49 Furthermore, cells cultured within these nanofiber networks displaying the RGD epitope (the tripeptide sequence of arginine, glycine, and aspartic acid) remain viable for weeks and can proliferate. 10 Our laboratory has also prepared PAs with peptide sequences discovered using the technique known as phage display, which can bind growth factors with varying strengths. 50 For reasons explained before, this feature would be extremely useful in creating matrices with the capacity to regenerate tissues and organs. Finally, the PA-based materials have enormous flexibility for molecular engineering, and we have recently modified them so that once injected they can be tracked through the use of magnetic resonance imaging (MRI). 51 It may also be possible to use PA-based biomaterials to deliver genes to cells.
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Materials that Imitate Biology
As greater capabilities emerge for the design and characterization of microstructures and nanostructures, one new direction in the field of biomaterials has been the development of biomimetic materials. The objective in this area is to emulate the complex properties of biological structures using completely synthetic systems. Examples of this developing area include the use of surface topographies to recreate functions of biological structures such as the self-cleaning superhydrophobic properties of leaves 14 or the adhesive surfaces found on the feet of geckos and flies. 17, 53, 54 Natural enzymes are highly efficient, low-temperature catalysts with high selectivity. The geometric control, rather than reactivity control, of chemical selectivity (FGF-2) ; one growth factor is pre-encapsulated in polymer microspheres, whereas the other is entrapped in the pores of a hydrogel. 33 45 
(b) Three-dimensional structures with interconnected levels (top left, inset) of up to twelve layers (top right, inset) comprising both precise micro-architecture and surface microtextures (bottom left, inset). These structures can be used as scaffolds to stimulate and direct 3D growth of both cells and tissues. 34,35,38 (c) Bioactive peptide amphiphile nanofibers formed by self-assembly from a dilute aqueous solution upon injection in tissues.
These materials create networks in the extracellular space that can signal cells to promote regeneration. (d) Self-tying biodegradable surgical sutures based on temperature-sensitive shape-memory polymers.
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Expanding Frontiers in Biomaterials has inspired the development of artificial systems 55 in which reactive sites are brought into proximity using specific templates. In one recent example, the two parts of the active sites in silicatein, an enzyme responsible for the synthesis of silica in the orange puffball sponge Tethya aurantia, were each grafted onto a different gold nanoparticle (Figure 3) . 56 This was found to catalyze the formation of silica at locations where the nanoparticles are in proximity to each other. Another recent example has been the growth of micrometer-long crystals of hydroxyapatite with their caxes aligned, mimicking the crystals of dental enamel. This was achieved using as a template aggregates of the protein known as amelogenin, known to be involved in enamel biosynthesis. 57 DNA macromolecules, the storage media for genetic information in living organisms, offer nearly perfect fidelity in terms of Watson-Crick pairing of their bases, and they are also a double helix polymer with very large persistence length (a parameter commonly used in polymer science to measure the extended nature of chains) (ϳ50 nm). These properties of the genetic polymer make it an interesting template to create artificial structures built with DNA segments or by coupling DNA derivatized inorganic particles to a template. DNA segments are therefore versatile building blocks to program the formation of secondary and tertiary structures; 58, 59 there are examples in the literature of tiles, 60 linked rings, 61 polyhedra, 62 nanomechanical devices, 63, 64 and thin gold wires using the template idea. 65, 66 Biomimetic structures can also be formed with self-assembling peptides in completely abiotic environments such as organic solvents. Using this idea, our laboratory recently reported on the formation of nanofibers in organic solvents 67 with peptide-lipid molecules that contain β-sheets (parallel or anti-parallel arrays of extended peptide segments) in the interior of the fiber and form outer surfaces that can be used as templates to organize lipophilic inorganic particles. By modifying the surfaces of the nanofibers and of gold nanoparticles with hydrogen-bond mimics of Watson-Crick pairs, we were able to organize micrometers-long 1D arrays of close-packed gold nanoparticles. Self-assembling synthetic structures of this type that mimic certain structures of biology could be useful in optical or electronic devices. The 1D array of gold nanoparticles is shown in Figure 4a .
A very interesting example of a biomimetic structure was reported recently by Aizenberg and co-workers, 68 who utilized synthetic systems to recreate the microlenses of the brittlestar (Figure 4b ). In the brittlestar, highly organized arrays of birefringent calcite crystals with their optical c-axes aligned prevent double image formation and thus lead to improvement of the optical properties of the lens. Aizenberg used the amorphous-to-crystalline transition of amorphous calcium carbonate to generate mimics of the microlenses by depositing amorphous calcium carbonate on a micropatterned substrate, followed by crystallization. The advantage of using the amorphous-to-crystalline transition is that the crystalline phase preserves the shape of the amorphous precipitate. The resulting lenses proved to have strong focusing ability. 68 In addition, lightabsorbing liquids can penetrate into the pores between the crystals, which allows fine-tuning of the optical properties of the lens. This work represents a clear example of a functional material based on biomineralization principles.
Materials to Monitor Biology
The rapid development of nanomaterials in recent years has generated a num- 56 ber of opportunities to use synthetic materials in biosensing applications. This area is important because of its potential impact on medical diagnostics by increasing both the sensitivity and selectivity of probes that monitor biology. The ultimate goal is single-molecule detection in vivo and also the possibility of detecting in vitro many analytes in a single probing event. Given the nature of the nanomaterials discovered over the past two decades, the signals one may use to develop new diagnostic techniques could be optical, electrical, or magnetic. 23, 69 Optical signals such as fluorescence and absorption have played important roles in studies of biological processes, for example, in the development of assays for biological research. Fluorescent dyes that are commonly used for these purposes suffer from a few disadvantages, such as narrow excitation spectra but broad emission spectra and low photobleaching thresholds. For this reason, semiconducting inorganic nanoparticles (quantum dots) were proposed 70, 71 as alternatives and have been widely used since in research for cellular imaging and diagnostics. 72, 73 Compared with organic dyes, these quantum dots have material-and size-tunable emission spectra, a larger two-photon excitation cross section, and allow for simultaneous multicolor detection as well as deep tissue imaging with two-photon fluorescence or IR-emitting nanoparticles.
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Metallic nanoparticles are also used for biological sensing, because of their large light-scattering cross section. 75, 76 In addition, their aggregation-dependent color of scattered light, 77 as well as the enhanced Raman scattering on their surfaces, [78] [79] [80] has been used in the detection of nucleic acids and other organic molecules.
Bio-barcode assays have been developed in which gold nanoparticles are functionalized with molecules binding specifically to the target molecules and DNA oligomers. The target molecules to be detected can be either DNA or proteins, while the DNA oligomers serve as surrogates for the target molecules in final readout with a variety of methods. Because the ratio between the number of barcode DNA molecules and the target-binding molecules on the nanoparticles can be fairly large (up to thousands), amplification is achieved for each binding event. Further, when magnetic microbeads that also carry target-binding molecules are combined with the barcode probes to enrich the probes, a detection limit of just 10 molecules in solution 81 has been demonstrated ( Figure 5 ), which significantly excels PCR (polymerase chain reaction) or ELISA (enzyme-linked immunosorbent assay) techniques that are normally used for detection purposes.
Subwavelength waveguides made of single-crystalline 1D inorganic nanowires or nanoribbons 82 provide another way of optically sensing molecules, in which the evanescent wave around the waveguide can be used to excite molecules deposited on the waveguide. 83 Also, electrical current through carbon nanotubes [84] [85] [86] and nanowires 87 can be sensitively perturbed by substances adsorbed on the surfaces, and have been used as sensitive sensors for protein-binding events.
Another important area of nanomaterials to monitor biology is the use of particles for MRI. Superparamagnetic nanoparticles 
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have been widely used 88-90 as contrast agents in MRI. Recently, our laboratory has reported on PA nanofibers that are conjugated to gadolinium(III) complexes to enhance magnetic contrast, which could be used to monitor noninvasively the fate of bioactive matrices for regeneration.
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Materials to Learn Biology
Another important interface of materials and biology is the use of our current capabilities in the control of synthetic structures and patterns to learn more about biology using unconventional experiments designed by physical scientists and engineers.
Current surface-patterning techniques provide reproducible tools to engineer the surface chemistry of biomaterials with molecular precision. 91 Printing methods such as soft lithographic techniques have been used to generate self-assembled monolayers (SAMs) that enable specific arrangements of well-defined geometrical regions with distinct chemical properties. Soft lithographic techniques include microcontact printing (µCP), replica molding (REM), microtransfer molding (µTM), micromolding in capillaries (MIMIC), and solvent-assisted micromolding (SAMIM). 92 These methods have been used to study cellular mechanics including relations between cell shape and cell survival, 25 cell spreading and cell proliferation, 93 focal adhesion formation and cell spreading, 94 and interactions between different cell types and cell function. 95 An increased level of manipulation and complexity is becoming available through patterning of surface chemistries that can be dynamically controlled and regulated. This approach uses different switching mechanisms to organize ligands and influence cells. Electrical transduction consists of applying an electrical potential to change the properties of the underlying substrate; electrochemical transduction uses potentials to cause redox reactions at the surface; photochemical transduction uses light to change the activity of immobilized ligands; thermal transduction is used to control surface properties based on conformational changes of ligands due to temperature variations; and mechanical transduction makes use of forces exerted by adherent cells on a surface to physically control the interaction between cells and substrates. 43, 96 These techniques recreate some of the dynamic interactions between cells and surfaces. They offer great promise for a deeper understanding of cell behavior that could then be applied to biosensing platforms and to the design of new scaffolds for cell and tissue regeneration. 43, 96 In addition to these surface-patterning techniques to study cell behaviors such as haptotaxis (the directed movement of cell motility), concentration gradients of biomolecules have also been used to study cellular behavior. [97] [98] [99] The inherent laminar character of microfluidic systems permits the controlled diffusive mixing of soluble factors. These systems have allowed the patterning of surfaces 98, 99 as well as investigations of cell behaviors of a chemotactic nature. 100, 101 Another form of patterning that shows great potential for the study of cellular behaviors is the use of well-ordered, supported membrane lipid bilayers. This technique makes use of the spontaneous assembly of lipid bilayer vesicles into a continuous lipid membrane 24 to resemble the structure and lateral fluidity of living cell membranes. 102 These lipid membranes permit the diffusion of lipids and membrane-linked proteins and have enabled investigations of structure [102] [103] [104] [105] and manipulation 106 of the cell membrane; they have also offered fresh mechanistic insights on how the immune system works. 24, 107 Cell behaviors have also been studied and manipulated through the use of surface topographies at both the micro-and nanoscale. 108 The first study to recognize an effect of surface topography on cell behavior was by Harrison, who in 1912 described cell motion along the fibers of Ј Ј spider webs. 109 Since then, and especially within the last 20 years, when microfabrication started to be used to develop surfaces for tissue culture, 110 more studies have increasingly looked at the effect of surface topography on cell behaviors (Figure 6) . 111, 112 These investigations have important implications in the understanding of cell biology and tissue engineering. 115 Microfabricated topographies have been used to investigate the fundamentals of cellular mechanics such as focal adhesions, which involve the formation of localized plaques of proteins that connect the cell through its cytoskeleton to the external environment, resulting in survival signals, 26, 114, 115 cell migration, 111 and cell proliferation. 112 In addition, topographical features have been used to selectively stimulate cells to perform desired functions such as a more in vivo-like myocyte morphology for heart tissue replacements 116 and increased mesenchymal stem cell control and manipulation for connective tissue reconstruction. 111, 112 The incorporation of precise topographies on biomaterial surfaces provides an attractive approach to selectively enhance specific cell behaviors without changes in composition. 34 
Use of Biology to Make Materials
Recent advances in molecular and cell biology have allowed the possibility of manipulating or modifying cells and viruses in order to make materials. These materials can take the form of artificial proteins, inorganic particles, or highly organized composite materials. For example, recombinant DNA techniques have been used extensively in protein engineering, 117, 118 and some of the targets have been polypeptides with sequences that target specific physical properties 119 and phases such as liquid crystals. 120 A common approach is to introduce gene segments that encode for the targeted material in a plasmid, which is then introduced in bacteria for large-scale expression of the desired polypeptide. Using this method, several spider silks that are not naturally available in large quantities have been produced in non-native hosts. 29 Very recently, it has also been possible to incorporate in the sequences artificial amino acids using the bacterial methodology, [121] [122] [123] [124] [125] which would expand the range of properties possible in these artificial protein materials. Living cells have also been used to synthesize inorganic nanoparticles. It has been known for some time that microorganisms reduce or eliminate the toxicity of heavy-metal ions by reduction or precipitation. 126 This has been taken advantage of to synthesize nanoparticles of gold 127, 128 and silver 129 as well as some sulfides and oxides. [130] [131] [132] Using phage display methodology, 133 it has been possible to discover peptides capable of binding to different inorganic materials, including semiconductors. 28 It is too early to judge if biology-based syntheses of materials will become an important source of what Arthur von Hippel would have called molecularly engineered materials.
Conclusions
The field of biomaterials had humble beginnings, when polymers developed for inexpensive consumer goods, corrosionresistant metals, and parachute fabrics were first used to repair joints, bones, and blood vessels in humans. The concept of the molecular engineering of materials that Arthur von Hippel was interested in has been slowly penetrating the field in order to achieve a specific biological response at tissue-material interfaces. In recent years, this concept has driven the biomaterials community to design bioactive materials, which in the extreme take the form of temporary scaffolds whose main role is to orchestrate cells into rebuilding tissues and organs. With further advances in the physical and life sciences, there is enormous potential for these materials to revolutionize regenerative medicine in areas ranging from the repair of spinal cord injuries to the cure of neurodegenerative diseases and diabetes. Led by a vibrant research community, the field is rapidly expanding into other areas that benefit each other in highly synergistic ways, discovering strategies to create biomimetic materials, using nanomaterials to diagnose disease and obtain genomic information, fabricating patterned materials to learn biology, and using biology itself to create sophisticated materials. 34, 111 and proliferating within 10 m posts microfabricated on poly(dimethylsiloxane) (PDMS) surfaces. 34, 112 
